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Obesity is considered a major cause of premature mortality and a potential threat to the long-
standing secular decline in mortality in the United States. We measure relative and attributable risks
associated with obesity among middle-aged adults using data from the Health and Retirement Study
(1992-2004). Although class II/IIl obesity (BMI > 35.0 kg/m?) increases mortality by 40% in females
and 62% in males compared with normal BMI (BMI = 18.5-24.9), class I obesity (BMI = 30.0-34.9)
and being overweight (BMI = 25.0-29.9) are not associated with excess mortality. With respect to at-
tributable mortality, class II/III obesity (BMI > 35.0) is responsible for approximately 4% of deaths
among females and 3% of deaths among males. Obesity is often compared with cigarette smoking as
a major source of avoidable mortality. Smoking-attributable mortality is much larger in this cohort:
about 36% in females and 50% in males. Results are robust to confounding by preexisting diseases,
multiple dimensions of socioeconomic status (SES), smoking, and other correlates. These findings
challenge the viewpoint that obesity will stem the long-term secular decline in U.S. mortality.

M ortality among middle- and older-aged Americans continues to decline in the United
States, as evidenced by recent figures on life expectancy (National Center for Health
Statistics 2006). This achievement, part of a longstanding secular decline in U.S. mor-
tality, is arguably threatened by rising obesity (Olshansky et al. 2005). Obesity is often
compared with cigarette smoking as a major cause of avoidable mortality (Marshall 2004;
Parloff 2003; U.S. Department of Health and Human Services 2001). Despite improved
longevity among middle- and older-aged Americans, more than 30% of this group are
obese (BMI > 30.0 kg/m?), and an additional 40% are overweight (BMI = 25.0-29.9;
Ogden et al. 2006). Furthermore, the association between obesity and the early onset of
chronic illnesses and disability is increasingly evident (Al Snih et al. 2007; Alley and
Chang 2007; Field et al. 2001; Reynolds, Saito, and Crimmins 2005). Recent investiga-
tions, however, have suggested a more limited role for obesity in shortening lifespan
(Flegal et al. 2005; Kulminski et al. 2008), extending the ongoing debate on this topic.
Moreover, claims that obesity is responsible for a substantial number of premature deaths
must rest on an empirical framework that translates individual-level mortality, usually
estimated by relative risk, into attributable mortality at a population level. Such a frame-
work is rarely implemented in research on obesity and mortality.

DIVERGENT ESTIMATES OF EXCESS DEATHS ASSOCIATED WITH OBESITY

In 2005, Flegal et al. (2005) published an article in the Journal of the American Medical
Association that prompted considerable controversy about the issue of excess deaths asso-
ciated with obesity. Flegal et al. (2005) estimated that only about 25,800 adult U.S. deaths
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in 2000 were attributable to being overweight or obese. This figure reflected both 112,000
excess deaths from obesity and 86,000 fewer deaths from being overweight (i.e., being
overweight was protective against mortality). The estimate by Flegal et al. (2005) was
considerably smaller than previous findings by Mokdad et al. (2004, 2005), who estimated
that 350,000 deaths in the United States for 2000 were attributable to being overweight or
obese (the authors did not present separate figures for the overweight and obese). The work
by Mokdad et al. (2004) has become very influential in staging the scientific and public
debate on obesity as a major cause of death.! Mokdad et al. (2004) concluded that excess
body weight was second only to tobacco use (435,000 excess deaths) as a cause of avoid-
able mortality in 2000, while the more recent estimate by Flegal et al. (2005) suggested a
considerably smaller role for excess body weight.

The divergent findings of Flegal et al. (2005) and Mokdad et al. (2004) are likely due
to methodological differences between the studies. One notable difference is the treat-
ment of age (Couzin 2005; Flegal, Graubard, and Williamson 2004). Flegal et al. (2005)
stratified the analysis by age (25-59, 60—69, and 70+), which allowed relative mortality
risks, from which attributable mortality is based, to vary by age. In contrast, Mokdad et
al. (2004) followed the approach described by Allison et al. (1999) and pooled ages 18
and older, thereby treating age as a confounder and not as an effect modifier. Another dif-
ference is the period for which relative mortality risks were estimated. While both studies
calculated attributable mortality for 2000, each relied on estimates of relative mortal-
ity risks derived from data sources covering distinct prior periods. Flegal et al. (2005)
based their estimates of relative mortality risks using three National Health and Nutrition
Examination Surveys (NHANES I, II, III), which had a combined mortality period of
1971-2000. In contrast, Mokdad et al. (2004) combined six epidemiological cohorts with
a mortality follow-up encompassing 1948-1992. As suggested in Flegal et al.’s (2005)
work, the relative risks associated with obesity may be declining over time. Hence, to the
extent that the relative mortality risks are decreasing over time, estimates of attributable
mortality based on earlier data will be higher.

THE PRESENT STUDY

We investigate obesity’s association with mortality using the Health and Retirement
Study (HRS), and we address prior methodological concerns. The HRS offers numerous
advantages relevant to current debates surrounding obesity and mortality. It collects data
over a recent period, beginning in 1992, with mortality linkages available through 2004.
Therefore, we do not rely on historical data to estimate risk ratios as in previous studies.
Given that the treatment of age has contributed to prior controversies, the HRS is also
advantageous because it is specifically designed for a birth cohort analysis across narrow
age ranges (in contrast to NHANES, which is not designed for this purpose). Here, we ex-
amine Americans who were born between 1931 and 1941 and who were ages 50-61 when
first interviewed in 1992. The HRS contains a sample of nearly 10,000 middle-aged adults
(about four times that of NHANES III, which was conducted over a similar period), thus
increasing the precision of estimates in this specific age group.

Because obesity’s effect on mortality among middle-aged adults is increasingly
important to future life expectancy, we examine adults in their 50s and 60s. The propor-
tion of Americans in their 50s and 60s is expected to grow from approximately one-fifth
to one-quarter over the next decade (U.S. Census Bureau 2005). Our target population,
the 1931-1941 birth cohort, is a predecessor of the numerically large baby boom cohort

1. Eric Oliver (2006) argued that political interests have taken precedent over scientific interests in debates
surrounding obesity as a public health peril. Oliver contended that the excess death figures produced by Mokdad
et al. (2004) “had all the trappings of official truth” because of the prestige of the Journal of the American Medical
Association, where the article was published, as well as author affiliations with the Centers for Disease Control
and Prevention (Oliver 2006:3).
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born between 1946 and 1964. Most baby boomers are moving through the fifth and sixth
decades of life, and this study will provide insight into how obesity is affecting their mor-
tality. We investigate middle-aged adults as opposed to the elderly because middle-aged
adults are less burdened by age-associated comorbidities that obscure causal links (Man-
son et al. 2007). Additionally, changes in height and body mass composition common in
older individuals complicate the measurement of weight status in the elderly (Gallagher
et al. 1996; Janssen and Mark 2007). Finally, middle-aged adults are less influenced by
selective forces that reduce the observed effect of excess body weight because of early
deaths to at-risk subjects.

Most studies on obesity and mortality have relied on samples limited to specific seg-
ments of the population. These include the Nurses’ Health Study (Manson et al. 1995), the
Physicians’ Health Study (Ajani et al. 2004), and the National Institutes of Health (NIH)-
AARP cohort (Adams et al. 2006). Another contribution of this study is thus that we use
nationally representative data.

ESTIMATING ATTRIBUTABLE MORTALITY

Previous work on excess deaths associated with obesity has centered on the concept of
“attributable mortality,” which refers to the fraction of deaths that are avoided if a risk
factor is eliminated from the population. Attributable mortality combines estimates of
both relative risk and prevalence to summarize the harm of a risk factor. The appeal
of providing a single summary figure that is easily interpretable has led to the use of
attributable risk in setting public health priorities. For example, smoking-related attrib-
utable mortality is used to document the large mortality effect of smoking and to sup-
port public anti-tobacco spending (Centers for Disease Control and Prevention 2002).
Although the interpretation of attributable mortality can be straightforward, important
assumptions are implicit in its calculation, assumptions that have received little atten-
tion in the debate on obesity and mortality. Attributable mortality generally assumes a
causal link between a risk factor and an outcome (Rockhill, Newman, and Weinberg
1998). It also sets the mortality of those with a risk factor to the mortality of the refer-
ence category (i.e., those without a risk factor; Levine 2007). In the case of obesity, this
means that all the obese would instantaneously possess the same mortality as “normal”
weight individuals, thus ignoring any previous effects of obesity earlier in life and any
unobserved confounding.

Despite these limitations, attributable risk does have the advantage of combining an
estimate of risk for an individual (such as the relative risk) with the prevalence of a risk
factor at the population level. Therefore, examining attributable risk is useful in evaluat-
ing obesity’s role on macro-level trends in mortality and life expectancy. It also aids in
the comparison of the effects of various risk factors. For example, the effect of obesity is
often judged against the better-known effect of smoking on mortality, often without the
calculation of attributable risk. In this study, we compare the attributable risk of obesity
with that of smoking.

CONFOUNDING BY PREEXISTING ILLNESSES

Major health conditions—including cancer and respiratory disease—increase the risk of
death but can also cause substantial weight loss. It is postulated that ignoring the role of
disease-induced weight loss leads to underestimated effects of obesity (Manson et al. 2007).
However, disease presence may operate both as a confounder and as a biological mediator
between weight status and death. On the one hand, controlling for disease could increase
the observed effect of obesity because it would adjust for recent weight loss experienced
by leaner but sick individuals. On the other hand, controlling for disease could decrease the
observed effect of obesity because it captures intermediary physiological links (e.g., obesity
leads to cardiovascular disease, which in turn leads to death).
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Prior studies have used numerous methods to estimate the magnitude of confounding
by illness, and findings are mixed. Some studies stratify the analysis by health status. The
expectation is that those without a history of a major illness would exhibit higher effects
of obesity on mortality compared with those with a preexisting condition. For example,
when using the Cancer Prevention Study II, Calle et al. (1999) found a stronger effect of
obesity (BMI > 30.0) on mortality among those without a history of disease (including
heart disease, cancer, stroke, and respiratory disease) compared with those with a history
of disease, and among nonsmokers compared with former and current smokers. In contrast,
Flegal et al. (2007b) reported that excluding those with preexisting illnesses (cancer and
cardiovascular disease) and ever smokers had little effect on estimates of overweight- and
obesity-attributable mortality using NHANES I-III. Another method is to stratify by time
on study, which is guided by the notion that confounding by illness is stronger closer in
time to study entry. In the NIH-AARP Cohort of adults aged 50—71 studied over 10 years,
Adams et al. (2006) showed that the relative risks associated with obesity (BMI > 30)
were lower in the first five years of the study versus the final five years. However, other
techniques related to time on study, such as excluding deaths occurring early in the study,
have been reported to have little effect (Al Snih et al. 2007; Flegal et al. 2007b; Sempos et
al. 1998). Given such discrepancies, we consider multiple methods in this study, offering
a comparison of the results.

CONFOUNDING BY SOCIOECONOMIC STATUS (SES)

SES is also a potential confounder in the association between weight status and health,
but its role has received less attention than the role of preexisting diseases. Even analyses
restricted to specific occupational cohorts can be subject to residual confounding by SES
(Lauderdale 2005). The most frequently used measure of SES in studies on obesity and
mortality is education. Other dimensions of SES, such as income and wealth, have not been
fully explored but are increasingly realized to have independent effects on health over and
above education (Braveman et al. 2005). For example, income is known to be associated
with a wide array of health endpoints (including mortality) net of education (Bond Huie
et al. 2003; Braveman et al. 2005). Income differentials across BMI are well known and
are particularly strong among women (Chang and Lauderdale 2005). Income can affect
the ability to purchase healthy foods, which are more expensive than nutritionally poor
and calorie-dense foods (Drewnowski and Specter 2004), and other resources (e.g., gym
membership) associated with weight status.

Beyond education and income, wealth is independently associated with many health
endpoints (Duncan et al. 2002; Pollack et al. 2007). Wealth is robust to short-term fluctua-
tions in income and is an indicator of accumulated economic resources. Households with
higher wealth are better able to afford high-quality medical care and to absorb the financial
burden that arises from a new illness (Smith 1999). In middle-aged adults, accumulated
wealth can differ markedly within any level of education or income (Krieger, Williams,
and Moss 1997). Specific to weight status, households with higher wealth usually reside
in advantaged communities that provide more favorable food and recreation environments
(Chung and Myers 1999). These and other neighborhood-level advantages are shown to
influence weight status (Chang 2006; Chang, Hillier, and Mehta 2009; Poortinga 2006). To
our knowledge, no prior study has controlled for wealth in this context. The HRS contains
detailed measurements of income and wealth, and we examine both these dimensions in
addition to education.

SUMMARY

We examine relative and attributable mortality risks for higher weight status (BMI > 25.0)
in a nationally representative cohort of middle-aged Americans aged 50-61 in 1992 and
followed through 2004. Given concerns that the effect of obesity on mortality has shifted,
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our results will provide a contemporary view on this relationship that is applicable to the
aging baby boom cohorts. Obesity is thought to rival cigarette smoking as a major source of
preventable mortality. We also estimate smoking-attributable mortality to compare with our
obesity estimates. This comparison has not been done with a nationally representative data
source. Contributions of our study also include evaluating the role of disease confounding
using multiple methods and accounting for three major dimensions of SES, which could
not be done with previous data.

METHODS
Data

The HRS is sponsored by the National Institute of Aging (Grant Number NIA
UO01AG009740) and is conducted by the University of Michigan. It is an ongoing lon-
gitudinal study of Americans aged 50 and older. This analysis is based on a nationally
representative cohort born between 1931 and 1941. Respondents were first interviewed
in 1992 at ages 50—61, and information on deaths is available through 2004. The HRS
has two methods of determining deaths—through linkage with the National Death Index
(NDI) and through the interview of a surviving household member. There is a high degree
of concordance between death linkage and survivor reporting (approximately 99%, from
authors’ tabulations). The results presented here are based on NDI linkages, but no dif-
ference resulted with models based on survivor reports. Observed mortality in the 1931—
1941 HRS cohort is nearly identical to mortality reported in U.S. vital statistics (Health
and Retirement Study 2007b).

The 1931-1941 HRS birth cohort has a total sample size of 9,749. The sample used
in our analysis excludes data collected by proxy household members because of concerns
of biased reporting of height and weight by proxies, and further excludes observations
with imputed values for either height or weight. This resulted in a loss of 471 respon-
dents, yielding an analytic sample of 9,278 (5,057 females and 4,221 males). Preliminary
analysis indicated that the proxy sample and observations excluded because of height or
weight imputations had similar baseline characteristics and mortality compared with the
analytic sample even though the proxy sample was predominantly male (nearly 80%).
Sensitivity regressions show nearly identical results in models that included the entire
sample compared with the results presented here. Approximately 14% (n = 1,301) of
the sample had died by the end of 2004. Analyses are conducted with the RAND HRS
data, version F (RAND 2006), which we link to mortality data from the HRS tracker file,
version 2.0 (Health and Retirement Study 2007a). Detailed data on cigarette smoking
and imputation flags are added from the 1992 Core HRS file (Health and Retirement
Study 2004).

Weight Status

We categorize BMI based on guidelines set forth by the NIH (National Heart, Lung, and
Blood Institute 1998) and the World Health Organization (2000). The categories used here
are underweight (BMI < 18.5), normal (BMI = 18.5-24.9), overweight (BMI = 25.0-29.9),
class I obese (30.0-34.9), and class II/III obese (BMI > 35.0).

The HRS relies on self-reports of height and weight. There is debate over the validity
of self-reported data, but several studies have found self-reports to be a valid proxy for
clinically measured values (Jeffery 1996; Spencer et al. 2002; Weaver et al. 1996). Nev-
ertheless, in addition to our HRS analysis, we assess potential self-reporting bias with the
aid of NHANES I1II (1988-1994), which contains data on both measured and self-reported
height and weight. Here, we compare mortality estimates by using measured versus self-
reported weight status on the same set of respondents. We restrict the NHANES I1I analysis
to the same age range used in the HRS (ages 50-61). NHANES III collected baseline data
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between 1988 and 1994, and we model mortality through 2000, which is the latest year for
which mortality information was released.

Other Predictors

We adjust for three sets of confounders: sociodemographic, SES, and behavioral. Socio-
demographic confounders include race/ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic, and other) and marital status (married, never married, divorced/separated, and
widowed). We account for sex through stratification, and age is used as the x-axis variable
in Cox proportional hazard models (analyses discussed below).

SES is measured by education, household income, and household wealth. Education
is measured categorically: (1) no high school diploma, (2) high school diploma/GED,
(3) some college, and (4) college degree. Alternative specifications based on years of
schooling produced no substantive differences in results. The HRS contains detailed
measurements of both income and wealth with relatively few imputed cases (Moon and
Juster 1995; Smith 1995). Household income measures the income of both the respondent
and spouse. Household wealth measures total household assets after accounting for debts,
including the value of real estate, savings, retirement accounts, and investments. Based
on published literature using the HRS, we measure both income and wealth continuously
(Bond Huie et al. 2003). We logarithmically transform both income and wealth to produce
more normal distributions. Given that wealth is negative in some respondents, we add a
constant term to all values before taking the logarithm.

Behavioral confounders include cigarette smoking and physical activity. We construct
a five-category smoking variable to capture incremental increases in the effect of smoking
(Rogers et al. 2005): (1) never smoker, (2) former smoker, (3) current light smoker (<1
pack per day), (4) current moderate smoker (1 to <2 packs per day), and (5) current heavy
smoker (>2 packs per day). Although physical activity could be on the pathway between
obesity and death, physical activity could also lead to a spurious association because
low levels of physical activity could increase the risk of both obesity and death. Physical
activity is measured as a dummy variable indicating vigorous physical activity (three or
more times per week).

Previous studies in this area have invariably controlled for biological markers. We do
not control for biological risk factors because they are likely on the causal pathway between
weight status and mortality. For example, obesity may result in high blood pressure, which
in turn increases the risk of cardiovascular mortality.

Analytical Approach

We first examine individual-level associations. We estimate the shape of the BMI and
mortality relationship by using a lowess regression described by Gronniger (2006) with
the specification Death, = m(BMI)) + 2B X, + e, where i subscripts an individual, and B /X,
is a vector of predictor variables and their estimated coefficients. The model treats BMI
continuously and nonparametrically, thereby allowing the effect of BMI on mortality to
differ across the BMI spectrum.

Next, relative mortality risks are estimated as hazard ratios obtained from multivariate
Cox proportional hazard regressions modeling age at death (Korn, Graubard, and Midthune
1997). Hazard ratios are calculated with respect to both normal BMI and the BMI region
associated with minimum mortality as identified in the lowess regression. The Cox model
has the form log 4(a) =log h(a)+ X B,X;, where i subscripts an individual, and a indexes
age measured in days. The baseline’hazard function is /(a). B/X; are estimated coefficients
and predictor variables, including dummy variables for weight-status categories. The risk
set begins at age 50.0. Respondents alive on December 31, 2004, are censored at their age
on this date. Proportionality assumptions were confirmed by testing the slope of Schoenfeld
residuals. We checked interactions of weight status with all other covariates but did not
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detect significant interactions. Robust standard errors are calculated to account for clustering
at the household level because in some instances, multiple members of a single household
were interviewed.

We use the hazard ratios from the Cox proportional models to estimate macro-level
effects. We calculate the population-attributable risk fraction (PAF), which indicates the
fraction of deaths that would be avoided in a counterfactual situation where an exposure is
eliminated from a population. The following formula for PAF is employed (for a discussion,
see Rockhill et al. 1998):

HR, -1
HR, )

PAF, is the PAF for the kth exposure category, and pd, is the fraction of total deaths that are
exposed to the kth category. HR, is the hazard ratio of the kth category. Hazard ratios from
Cox models can be used to calculate PAF (Allison et al. 1999; Benichou 2001; Flegal et
al. 2005; Natarajan, Lipsitz, and Rimm 2007). The PAF is additive across discrete catego-
ries of a risk factor.? We calculate the PAF for current and former smoking by adding the
PAFs across individual smoking categories. We use the jackknife method (Lehnert-Batar,
Pfahlberg, and Gefeller 2006) to derive 95% confidence intervals (CI). To calculate excess
deaths, the PAF is multiplied with the total number of deaths in the United States occurring
in the 1931-1941 birth cohort in 1999 (140,808 in females and 200,546 in males), which
is the mean year of death in the sample.

PAF, = pd

RESULTS

Table 1 presents descriptive characteristics by sex. Approximately 58% of females and
70% of males fall into one of the three higher weight-status groups (overweight, obese I, or
obese II/III). Females are more likely to be class II/III obese than males (8.2% vs. 4.5%),
and both groups had a class I obesity prevalence of about 16%. Approximately 49% of
males and 34% of females are overweight. Both sexes had a mean age of less than 56 years.
Males have a slight education advantage and possess higher levels of household income
and household wealth. Smoking status differed markedly by sex, with females more likely
to have never smoked (45.2% versus 25.4%). Physical activity was comparable across the
groups, with about 20% reporting vigorous physical activity at least three times per week.
As expected, females (10.1%) experience lower mortality than males (16.8%).

Shape of the BMI-Mortality Association

Figures 1 and 2 show the shape of the BMI and mortality association by sex based on the
lowess regression. Figure 1 displays the probability of dying on the y-axis and BMI on the
x-axis. Among females, the minimum probability of dying falls at a BMI of about 25.0 to
26.0. The minimum BMI value is slightly higher for males at about 27.0. Figure 2 shows
the same model as Figure 1 but uses a nonstandard graph. Figure 2 graphs the probability
of dying versus percentiles of the BMI distribution. The x-axis in Figure 2 is proportional
to the BMI distribution rather than to actual BMI values. Formulating the graph in this way
allows us to highlight the fact that the majority of females and males (roughly 75%) lies in a
BMI region where the association is relatively flat (between a BMI of about 22.0 and 31.0).
Accordingly, less than 13% of the samples are in a region where excess weight confers ex-
cess mortality (the right side of the figure). Given that minimum mortality for both females

2. The PAF is generally not additive across separate risk factors except where there are no individuals in
cross-classified cells (e.g., no smokers who are also obese), or there are no interactions of the joint risk factors
(Benichou 2001). Summing the individual PAFs across multiple risk factors can lead to a value greater than 1.0
(more than 100% of deaths are attributable to the multiple causes) because deaths in cross-classified cells would
be double counted (or, a single death can be attributed to more than one cause).
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Table 1. Descriptive Characteristics by Sex, 1931-1941 HRS Cohort: 1992

Females Males

Characteristics (N =5,057) (N =4,221)
NIH/WHO BMI Categories

Underweight (<18.5) 1.9 0.5

Normal (18.5-24.9) 40.0 29.4

Overweight (25.0-29.9) 33.8 49.3

Class I obese (30-34.9) 16.2 16.3

Class II/I1I obese (=35.0) 8.2 4.5
Mean Age, Years 55.5 (2.9) 55.6 (2.8)
Race/Ethnicity

White, non-Hispanic 80.5 82.0

Black, non-Hispanic 10.8 9.4

Hispanic 6.5 6.3

Other 2.2 2.2
Marital Status

Married 71.4 81.1

Never married 3.2 4.3

Divorced/separated 15.8 12.6

Widowed 9.7 2.0
Education

Less than a high school diploma 23.9 21.6

High school diploma/GED 41.9 35.1

Some college 19.6 20.4

College degree or higher 14.6 23.0
Mean Income, $1,000s 443  (41.4) 55.6  (54.1)
Mean Wealth, $1,000s 224.6 (403.1) 240.6 (439.7)
Smoking Status

Never smoker 45.2 25.4

Former smoker 29.2 46.2

Light smoker (<1 pack per day) 10.1 7.7

Moderate smoker (1 to <2 packs) 13.1 15.0

Heavy smoker (>2 packs) 2.4 5.6
Vigorous Physical Activity (23 times per week) 19.4 20.6
% Deaths (number) 10.1 (559) 16.8 (742)

Notes: Numbers are percentages unless otherwise noted. Standard deviations for continuous variables are
in parentheses. Percentages, means, and standard deviations are weighted. Sample size (V) and number of
deaths are not weighted.

and males falls within the overweight range, we use this region as an alternative reference
category to normal weight status in the Cox proportional hazard models.

Cox Proportional Hazard Models

Table 2 presents results for the Cox proportional hazard models by sex, with both normal
(18.5-24.9) and overweight (25.0-29.9) as alternative reference categories. The overall
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Figure 1.  Probability of Dying Versus BMI by Sex, 1931-1941 HRS Cohort: 1992-2004
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Notes: Semiparametric lowess model described by Gronniger (2006). Bandwidth = 0.30. Models adjust for socio-
demographic characteristics (sex, race/ethnicity, and marital status), socioeconomic status (education, income, and wealth), and
associated behaviors (smoking and physical activity).

pattern of results presented in Table 2 shows that being underweight or being class II/II1
obese is significantly associated with excess mortality. Risks are flat in the middle part of
the distribution, with nonsignificant differences among the normal, overweight, and class |
obese categories after accounting for all covariates. As expected, the hazard ratios in Table
2 are higher when overweight is used as the reference category because this BMI region
better captures minimum mortality, but the increases are generally modest.

Model 1 adjusts only for sociodemographic characteristics (race/ethnicity and marital
status). With respect to normal weight status (top of Table 2), class II/III obesity is associ-
ated with an excess risk of 68% (p < .001) in females and 45% (p < .05) in males. Model
2 further adjusts for SES (education, income, and wealth). Given the negative association
between SES and weight status, the hazard ratios of the three higher weight-status categories
show the expected decrease between Model 1 and Model 2. After we control for SES, class
II/IT obesity loses statistical significance relative to normal weight in both females and
males, although the hazard ratios still indicate an excess risk of about 30% in both sexes.
With respect to being overweight (bottom of Table 2), class II/III obesity is associated with
a 55% (p < .01) increase in risk among females and a 62% (p < .01) increase among males
in Model 2. Income and wealth had a modest effect on the hazard ratio of class II/II1 obesity
(BMI > 35.0) after education and sociodemographic characteristics are accounted for (an
approximate 5% and 7% reduction in females and males, respectively; not shown in table). In
contrast to the effect of SES, inclusion of behaviors (smoking and physical activity) in Model
3 results in an increase in the hazard ratios of each of the higher weight-status categories.
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Figure 2.  Probability of Dying Versus Percentiles of the BMI Distribution by Sex, 1931-1941 HRS
Cohort: 1992-2004
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Notes: Adapted from Figure 1, except with x-axis proportional to the BMI distribution of the samples. Dotted brackets
indicate percentage of the sample.

Most of this change can be attributed to the inclusion of smoking status (i.e., smokers die
at a high rate and tend to be leaner). In fact, physical activity alone had a negligible effect
on the hazard ratios of the three higher weight-status categories (not shown in table).

In sum, the Cox hazard models presented in Table 2 suggest that excess mortality risk
is limited to the tails of the BMI distribution. In the fully adjusted Model 3, females in the
highest obesity category (class II/III) have a 40% (p < .05) higher risk of dying relative
to those in the normal category; for males, the risk is about 62% (p < .01). If we compare
class II/III obesity with overweight, excess risks are 66% (p <.001) for females and 80%
(p < .01) for males, after accounting for all confounders.

Preexisting llinesses

A critique of the approach used in Table 2 is that we ignore confounding by illness, perhaps
resulting in underestimated effects of obesity (Manson et al. 1987; Willett et al. 2005).
Another possibility is that illness positively associates with weight status through, for ex-
ample, limiting physical activity. In Table 3, we implement a series of models attempting to
account for illness confounding. We combine both sexes for clarity because sex-stratified
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Table 2. Hazard Ratios Predicting Mortality From Any Cause by Sex, 1931-1941 HRS Cohort:

1992-2004
Females (/V = 5,057) Males (N = 4,221)
Model 2 Model 3 Model 2 Model 3
BMI Categories Model 1 (+ SES) (+ behaviors)  Model 1 (+SES) (+ behaviors)
Reference: Normal
Underweight 3.57%** 3.11%% 2.64%** 3.75%** 3.50%** 2.85%*
(2.34,5.43) (2.04,4.74) (1.70,4.10) (1.84,7.64) (1.76,6.97) (1.44,5.61)
Overweight 0.94 0.85 0.84 0.82* 0.83* 0.90
(0.74, 1.18) (0.67,1.08) (0.66, 1.07) (0.68,0.98) (0.69, 1.00) (0.74, 1.08)
Class I obese 0.90 0.80 0.83 0.92 0.89 1.01
(0.67,1.20) (0.60, 1.06) (0.62,1.10) (0.73,1.16) (0.71,1.13) (0.79, 1.28)
Class II/III obese 1.68*** 1.32 1.40* 1.45* 1.34 1.62**

(1.26,2.25) (0.97,1.78) (1.02,1.91) (1.04,2.02) (0.95,1.88) (1.15,2.27)

Reference: Overweight

Undcrweight 3.81%** 3.67*** 3,14%+* 4.60*** 4.24*** 3.18***
(2.49,5.83) (2.40,5.61) (2.03,4.86) (2.26,9.38) (2.13,8.45) (1.61,6.28)
Normal 1.07 1.18 1.19 1.23* 1.21* 1.12
(0.85,1.35) (0.93,1.50) (0.93,1.51) (1.02,1.48) (1.00,1.46) (0.93,1.35)
Class I obese 0.96 0.94 0.98 1.13 1.08 1.12
(0.72,1.29) (0.71,1.25) (0.73,1.31) (0.91, 1.41) (0.87,1.35) (0.90, 1.41)
Class II/III obese 1.80*** 1.55** 1.66** 1.78%** 1.62** 1.80***

(1.35,2.41) (1.16,2.08) (1.23,2.24) (1.28,2.47) (1.16,2.26) (1.29,2.51)

Notes: Numbers in parentheses are 95% confidence intervals. Model 1 adjusts for sociodemographic characteristics (race/
ethnicity and marital status). Model 2 adds SES (education, income, and wealth). Model 3 adds associated behaviors (smoking
status and physical activity). The data are weighted.

*p <.05; **p < .01; ***p < .001

models did not lead to different conclusions. The first model in Table 3 (Model 4) adjusts
for all sociodemographic, SES, and behavioral characteristics as in our previous fully ad-
justed models. A straightforward method to account for confounding by illness is to control
for health status. Model 5 controls for disease presence by including dummy variables
for history of a major illness (heart disease, stroke, respiratory illness, and cancer) and
favorable self-rated health (excellent/very good/good versus fair/poor). Self-rated health
is included because it is a global measure of health status that may accurately measure
underlying or undiagnosed disease processes (Idler and Benyamini 1997). As expected,
adjustment for health status decreases the hazard ratio for underweight because it accounts
for the disproportionate number of ill respondents in this category, yet the effect remains
statistically significant (2.07; p < .001). Furthermore, the effect of class II/IIT obesity also
decreased (from 1.53 to 1.29 in Model 5). Smaller decreases are observed in the over-
weight and class I obese categories as well. Hence, adjustment for health status does not
produce an increased effect of obesity.

Another strategy is to condition the sample on healthy respondents (Models 6 and
7). Model 6 limits the sample to respondents who report no history of major illness, and
Model 7 is limited to those with favorable self-rated health. Although some evidence sug-
gests that the effect of obesity is higher in those reporting no major illness (Model 6), as
in our earlier estimates, only class II/III obesity is significant (1.67; p < .001), and there
is only a modest increase compared with Model 4 (1.53; p <.001) in this category. Limit-
ing the sample to favorable self-rated health (Model 7) also results in a similar pattern
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Table 3. Hazard Ratios Predicting Mortality From Any Cause Accounting for the Role of Preexisting
Illnesses, 1931-1941 HRS Cohort: 1992-2004

Model 7
Model 6 Limited to
Limited to Excellent/
No History of Very Good/Good
Characteristics Model 4 Model 5 Major Illness Self-Rated Health
BMI Categories (ref. = normal)
Underweight 2.74%** 2.07*** 2.36** 1.60
(1.92, 3.93) (1.42, 3.02) (1.36, 4.09) (0.83, 3.10)
Overweight 0.87 0.86* 0.88 0.84
(0.75, 1.01) (0.74, 1.00) (0.73, 1.07) (0.69, 1.03)
Class I obese 0.93 0.84 1.03 1.10
(0.77,1.11) (0.70, 1.01) (0.82, 1.31) (0.86, 1.40)
Class II/III obese 1.53%** 1.29* 1.67** 1.52*
(1.22,1.91) (1.03, 1.61) (1.24, 2.26) (1.08,2.12)
History of Major Illness® — 2.19%* — —
(1.92, 2.49)
Self-Rated Health® — 0.48*** — —
(excellent/very good/good) (0.41, 0.56)
Sample Size 9,278 9,278 7,432 7,192
Number of Deaths 1,301 1,301 739 690

Notes: Numbers in parentheses are 95% confidence intervals. Data are for both sexes combined. All models adjust for
sociodemographic characteristics (sex, race/ethnicity, and marital status), socioeconomic status (education, income, and wealth),
and associated behaviors (smoking and physical activity). The data are weighted except for sample size and number of deaths.

*Self-reported history of ever having heart disease, stroke, respiratory illness, or cancer.
bCoefficient is with reference to fair or poor self-rated health.
*p <05 **p < .01; ***p < .001

compared with Model 4, which uses the entire sample. In addition, restricting the sample
to never smokers also resulted in a pattern whereby class II/III obesity is the only higher
weight-status category significantly associated with excess mortality relative to normal
weight status (results not shown)

As a final sensitivity analysis, we interact weight status with time in the study (Table
4). Previous studies have stratified the follow-up period by two or more periods, often us-
ing cut points between two and five years. There has been no theoretical justification as to
the appropriateness of using these specific cut points. Here, we measure time continuously
and are thus able to assess an overall trend of any interaction. In Model 8 (Table 4), we use
time as the x-axis variable as opposed to age, as we did in prior models (because we are
interested in capturing interactions with time in the study). Age is included as a covariate.
We also collapse the overweight and class I obese groups into one aggregate category to re-
duce the number of interaction terms increasing the power of the model. Model 8 indicates
no significant interactions between higher weight status and time, suggesting that effects
do not differ in the early (vs. later) parts of the study.

In total, we do not find a systematic underestimation of the effect of obesity due to
either observed or occult diseases. The effect of class II/III obesity (BMI > 35.0) is larger
in those without a history of a major illness compared with the entire sample, but the dif-
ference is modest. Moreover, there is no evidence that higher weight status (BMI > 25.0)
interacts with time, suggesting that any unmeasured acute illnesses affecting mortality in
the short term do not confound longer-term associations.
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Table 4. Interaction of Weight Status With Time in the
Study, 1931-1941 HRS Cohort: 1992-2004

Characteristics Model 8
Main Effects (ref. = normal)
Underweight 3.56%+*
(2.22,5.72)
Overweight/class T obese 0.93
(0.69, 1.25)
Class II/III obese 1.68*
(1.10, 2.56)
Interaction Effects
Underweight x Time 0.85
(0.65,1.12)
Overweight/class I obese x Time 0.96
(0.82,1.13)
Class II/1II obese x Time 0.93
(0.74, 1.16)
Sample Size 9,278
Number of Deaths 1,301

Notes: Numbers in parentheses are 95% confidence intervals. The
data are for both sexes combined. The model adjusts for sociodemo-
graphic characteristics (age, sex, race/ethnicity, and marital status),
socioeconomic status (education, income, and wealth), and associated
behaviors (smoking and physical activity). Time is used as x-axis variable.
The data are weighted except for sample size and number of deaths.

*p <05 %*p <.01; ***p < .001

Attributable Mortality

Table 5 presents estimates of attributable mortality and excess deaths for higher weight
status and smoking. Attributable mortality is given as a percentage and reflects the per-
centage of deaths avoidable if the excess mortality of the risk factor were eliminated.
Negative percentages indicate relative risks that are less than 1.0 and imply that mortal-
ity would increase if the risk category were eliminated. Excess deaths are calculated for
1999, which is the mean year of death. Values in Table 5 are based on hazard ratios from
the fully adjusted Model 3 of Table 2. We use both normal and overweight as alterna-
tive reference categories for weight status. Class II/III obesity is the only weight-status
category associated with significant and positive attributable mortality. With reference to
normal weight status, class II/III obesity is responsible for approximately 3.8% (p < .05)
and 2.5% (p < .05) of deaths among females and males, respectively. This translates into
5,416 (of 140,808) and 5,034 (of 200,546) excess deaths among females and males, re-
spectively. With reference to the overweight category, the attributable mortality percent-
ages are slightly higher and are 5.4% (p < .01) for females and 2.9% (p < .01) for males.
In contrast, smoking-attributable mortality is substantial: 35% (p < .001) for females and
50% (p < .001) for males. This translates into approximately 50,000 and 100,000 excess
deaths for females and males, respectively.

Self-Reporting Bias in NHANES Il

Table 6 considers the potential bias of self-reported BMI in a similarly aged (50-61 years)
sample from NHANES III (N = 1,943). We compare two models from an identical set of
respondents: NHANES-M based on clinically measured BMI, and NHANES-SR based on
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Table 5. Attributable Mortality (%) and 1999 Excess Deaths in U.S. Target Population for BMI
Categories and Smoking, 1931-1941 HRS Cohort: 1992-2004

Females Males
(total deaths, 1999 = 140,808) (total deaths, 1999 = 200,546)
Attributable  Number of Excess Attributable  Number of Excess
Mortality (%) Deaths, 1999 Mortality (%) Deaths, 1999
Reference: Normal
Overweight -5.6 -7,933 -5.0 -10,023
(-13.8,2.5)  (-19,392, 3,527) (-13.7,3.7) (27,486, 7,441)
Class I obese -3.1 —4,308 0.1 224
(=7.6, 1.5) (-10,739, 2,123) (=3.7, 4.0) (-7,475,7,923)
Class II/IIT obese 3.8* 5,416 2.5% 5,034*
(0.1, 7.6) (180, 10,652) (0.5, 4.6) (939, 9,128)
Reference: Overweight
Class I obese -0.3 —431 1.8 3,584
(—4.6, 4.0) (-6,430, 5,568) (-1.7,5.3)  (-3,430, 18,634)
Class II/III obese 5.4%* 7,559** 2.9%* 5,889**
(1.9, 8.8) (2,669, 12,440) (0.9, 4.9) (1,898, 9,880)
Reference: Never Smoker
Former smoker 13.2%%* 18,583*** 18.1%%* 36,286***
(7.1, 19.3) (9,990, 27,175) (11.2,25.0) (22,518, 50,053)
Current light smoker 6.77* 9,495** 7.8%%x 15,582%**
(3.2, 10.3) (4,459, 14,531) (5.1, 10.5) (10,179, 20,984)
Current moderate smoker 11.5%** 16,195%** 18.2%** 36,586***
(7.2, 15.8) (10,144, 22,246) (14.1, 22.3) (28,369, 44,802)
Current higher smoker 3.9 5,467*** 5.8%%* 11,571
(1.6, 6.1) (2,301, 8,634) (3.4,8.1) (6,824, 16,317)
Cigarette smoking (total) 35.3%** 49,740%** 49 9*r** 100,024***
(26.7,43.9) (37,664, 61,817) (39.2,60.6) (78,576, 121,471)

Notes: Numbers in parentheses are 95% confidence intervals. The number of excess deaths is calculated in 1999, the mean
year of death. The 1931-1941 birth cohort was aged 57-68 in 1999. The data reflect sampling weights.

*p <.05; **p <.01; ***p <.001

self-reported BMI. Sex-stratified models do not result in different conclusions; hence, both
sexes are combined for clarity.

The first section of Table 6 shows the distribution of weight status. The prevalence
of weight-status categories across the two models are highly consistent, with the 95%
confidence intervals substantially overlapping for each weight-status category. As expected,
NHANES-SR underestimates the prevalence of class I and class II/III obesity compared
with NHANES-M, although the bias is not large. For example, the prevalence of class
II/IIT obesity is 8.5% (95% CI = 6.9, 10.1) in NHANES-SR and 10.4% (95% CI = 8.6,
12.1) in NHANES-M. The last section of Table 6 presents adjusted hazard ratios from
Cox regressions. Mortality is modeled through 2000. We adjust for sex, race/ethnicity,
education, marital status, and smoking status—variables comparable between the HRS
and NHANES. Similar to the HRS results presented above, the only higher weight-status
category in NHANES-M that has a significant and positive association with mortality is
class II/III obesity (hazard ratio =2.31; p <.05). Furthermore, the hazard ratios of the obese
categories are virtually the same in NHANES-M and NHANES-SR. Hence, reliance on
self-reported BMI does not necessarily underestimate obesity’s effect on mortality when
using an identical set of respondents, which is the most appropriate comparison group.
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Table 6. Distribution of Weight Status and Hazard Ratios From Clinically Measured and Self-
Reported Height/Weight in NHANES III, Ages 50—61: 1988-2000

BMI Category

Class 1 Class II/111

Sample Underweight ~ Normal ~ Overweight Obese Obese
Percentage Distribution
NHANES-M (V = 1,943) 1.4 31.2 36.7 20.3 10.4
0.7,2.1)  (28.4,34.1) (33.7,39.7) (17.7,22.8) (8.6,12.1)
NHANES-SR (V= 1,943) 1.5 33.2 40.1 16.7 8.5
(0.7,2.2)  (30.4,36.1) (37.1,43.2) (14.4,18.9) (6.9,10.1)
Hazard Ratios®
NHANES-M 1.52 1.00 1.47 1.27 2.31*
(0.47, 4.94) (0.94,2.30) (0.72,2.24) (1.18,4.52)
NHANES-SR 1.55 1.00 1.11 1.33 2.31*
(0.47, 5.14) 0.71,1.73)  (0.76,2.32) (1.16, 4.61)

Notes: Numbers in parentheses are 95% confidence intervals. NHANES-M uses clinically measured height and weight.
NHANES-SR uses self-reported height and weight from an identical set of respondents. The data are weighted.

*Multivariate Cox regression with age as x-axis adjusting for sex, race/ethnicity, education, marital status, and smoking
status. Baseline measurements are taken from 1988-1994, with mortality follow-up through 2000.

*p <.05; **p <.01; ***p <.001

In supplementary analyses, we created a misclassification variable for respondents
who were classified into the wrong weight category because of biased self-reporting. We
then interacted this misclassification indicator with the “true” weight-status category in a
series of Cox proportional hazard models. We found no significant interactions between
misclassification and weight status, thus indicating that those who misclassified did not have
significantly different mortality than respondents who reported accurately in each respective
weight-status category. We also tested interactions with a multicategory variable by distin-
guishing underreporters from overreporters. Again, no significant interactions were found.

DISCUSSION

Mortality attributable to obesity continues to be a highly researched topic engendering
much controversy. Concerns focus on the treatment of age and associated confounders, the
period of data, and applicability to a representative U.S. population. We addressed each
concern in a sample of middle-aged adults, a group that is experiencing improving mortal-
ity but also rising obesity. We found that about 75% of middle-aged Americans possess a
BMI whose association with mortality is flat (roughly between a BMI of 22 and 31). In
Cox proportional hazard models, we found that being overweight or being class I obese is
not associated with a higher risk of dying compared with normal BMI. On the other hand,
class II/III obesity does confer significantly higher mortality, ranging from about a 40%
(females) to 62% (males) excess risk relative to normal BMI. With respect to macro-level
effects, we found that class II/IIT obesity is associated with a small amount of attribut-
able mortality: less than 4% in females and 3% in males with reference to normal BMI.
Although obesity-attributable mortality is modest, smoking-attributable mortality is large:
about 35% in females and 50% in males. Our findings are robust to confounding by detailed
sociodemographic and behavioral characteristics as well as three dimensions of SES. Other
contributions of this research include multiple checks for confounding by preexisting ill-
ness and an assessment of potential bias attributable to self-reporting.

Our results indicate a considerably smaller mortality effect of obesity compared with
the findings of Allison et al. (1999) and Mokdad et al. (2004), whose estimates indicate
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that about 13%—15% of all deaths in 1991 and 2000 can be attributed to obesity among
adults aged 18 and older. The age-dependent nature of the BMI and mortality association
makes direct comparison with these findings difficult because neither study stratified by
age. Our findings are consistent with those of Flegal et al. (2005), whose estimates sug-
gest that approximately 5% of deaths among adults aged 25 and older in 2000 were at-
tributable to obesity (BMI > 30.0). Using clinically measured height and weight data from
NHANES 1, 11, and II1, Flegal et al. (2005) found significant excess mortality only in the
obese II/III (BMI > 35.0) relative to normal (BMI = 18.5-24.9), which is consistent with
our estimates. Their estimates covered 1971-2000, and our estimates cover 1992-2004.
We also use more finely detailed measurements of confounding variables. For example,
we adjusted for five categories of incremental exposure to cigarette smoking, but Flegal et
al. (2005) used only three (never, former, and current). We also included three dimensions
of SES—education, income, and wealth—but Flegal et al. (2005) adjusted only for educa-
tion (in sensitivity models).

Unlike most major studies, we use data from the 1990s and 2000s, providing a con-
temporary study of obesity and mortality. In another recent study conducted between 1994
and 2003, Kulminski et al. (2008) reported similar findings for a sample of adults aged 65
and older. Their study, based on the National Long Term Care Survey, found that being
overweight (BMI = 25.0-29.9) or being obese I (BMI = 30.0-34.9) were not associated
with excess mortality relative to a reference BMI of 22.0-24.9 in both sexes. We extended
these findings to a middle-aged population in their 50s and 60s and generally found no
statistically significant differences in mortality across the normal, overweight, and mildly
obese levels. In fact, the minimum mortality region appears to be in the overweight range
although the difference between the overweight and normal categories was not always
statistically significant. Another recent study using adults aged 50-70 from the NIH-
AARP cohort (1995-2005) found no significant excess mortality in overweight groups
(BMI = 25.0-29.9) relative to a BMI 23.5-24.9 among men, and a small excess relative
risk among women (approximately 6% to 7% for a BMI of 28.0-29.9) after adjusting
for sociodemographic and behavioral correlates and using self-reported BMI (Adams et
al. 2006). The authors reported that being obese I (BMI = 30.0-34.9) was significantly
associated with excess mortality of about 18% in women and 10% in men, which is in
slight contrast to our finding of no significant effect for either sex, though the reference
ranges used differed across the studies. Another difference is that the NIH-AARP cohort
is a nonrepresentative sample based on a mailed questionnaire. In contrast, the data used
here are from a probability-based, nationally representative survey with high response
rates and weighting adjustments for nonresponse.

Flegal et al. (2005) suggested that the relative risk of obesity may have declined
since the early 1970s, based on data from successive NHANES surveys. They found a
smaller association of obesity and mortality in NHANES II (1976-1980) and NHANES
IIT (1988-1994) compared with NHANES I (1971-1975). Gregg et al. (2005) provided
indirect evidence supporting a declining risk of mortality among those with a BMI > 25.0.
They found that overweight and obese individuals in 1999-2000 had a lower prevalence
of high total cholesterol, high blood pressure, and smoking compared with overweight and
obese individuals in the 1960s and 1970s. These favorable trends occurred in all weight-
status groups, but the reductions in high cholesterol and high blood pressure were generally
higher among the overweight and obese (significant only for high cholesterol), suggesting
a relative improvement in these risk factors over time. Reasons behind these changes are
not fully understood. Heavier individuals could have disproportionately benefited from
better medical management of risk factors for cardiovascular disease and other illnesses as-
sociated with excess weight. For example, the rapid dissemination of lipid-lowering drugs
(e.g., statins) during the 1990s could play an important role (Carroll et al. 2005). Changes
in social values and patterns of discrimination could also be informative. Increasing obesity
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levels over time may lead to improvements in the relative status of the overweight and
mildly obese, who may face less social isolation and less employment and health care dis-
crimination as their body type becomes more commonplace.

Although health-related risk factors among the overweight and mildly obese may be
declining and the mortality effect may be weak, there is emerging evidence of a parallel
increase in disability among the obese (Alley and Chang 2007). Moreover, there has been
a disproportionate rise in diabetes in this group relative to leaner individuals (Gregg et
al. 2005). Taken in tandem with our findings of a weak effect of obesity on mortality,
these unfavorable trends may be a product of obese individuals living longer than in the
past but also acquiring a number of comorbid and disabling conditions as they age (Alley
and Chang 2007). Two recent studies examining mortality and disability simultaneously
in older populations showed the stronger effect of obesity on disability compared with
mortality (Al Snih et al. 2007; Reynolds et al. 2005), further highlighting these contrast-
ing trends.

It is suggested that preexisting diseases confound the association between weight sta-
tus and mortality (Manson et al. 2007; Willett et al. 2005). However, statistical techniques
used to account for confounding raise other methodological problems. We restricted our
analysis to respondents aged 50—61 at baseline to limit the problem of preexisting diseas-
es (as well as related problems associated with compositional changes in body mass), but
in a middle-aged population, we would still expect the prevalence of chronic illness to be
relatively high. Therefore, we implement multiple methods to account for confounding by
illness. Our results do not find supporting evidence that preexisting illnesses substantially
confound the association between weight status and mortality. Models that alternatively
controlled for health status, excluded those with unfavorable health status, or allowed
risks to vary with time did not indicate that our estimates were substantially biased. Other
recent papers have reached similar conclusions with respect to confounding by illness (Al
Snih et al. 2007; Flegal et al. 2007b). Nonetheless, given the complex pathways among
body weight, disease, and death, we cannot entirely rule out residual illness confounding.
Furthermore, confounding by SES appears modest and most pronounced in the highest
BMI category.

Selective survival should minimally bias our results because we excluded older
adults. Selective survival may help explain the weak effects of obesity on mortality in
elderly populations (Janssen and Mark 2007; Manson et al. 2007). In a cohort of middle-
aged adults, however, a similar argument is unlikely to hold: in a low-mortality popula-
tion, relatively few deaths occur before the fifth and sixth decades of life. Approximately
17% of the 1931-1941 U.S. birth cohort examined in this study died by age 50. For se-
lective survival to be important, most early deaths would have to be to individuals who
possess excess weight. Yet in the United States, deaths at younger ages are more likely
attributable to accidents or cancer (Jemal et al. 2005). Accidents are a cause of death not
likely to be associated with weight status, and mortality from many types of cancers (par-
ticularly at younger ages) are shown to be weakly related to excess weight (Flegal et al.
2007a; Krueger et al. 2004).

This study has limitations. First, we used BMI as a proxy for adiposity when other
anthropometric measures are perhaps more suitable (e.g., waist circumferences, waist-to-hip
ratio; Kalmijn et al. 1999; Price et al. 2006; Seidell and Visscher 2000; Visscher et al. 2001).
Most nationally representative data use BMI as a measure of weight status because of its ease
of collection. By using BMI, we are able to compare our results with prior major studies.
The usefulness of BMI versus other measures of weight status—such as waist circumference
and the waist-to-hip ratio—is still not fully explored among middle- and older-aged adults
(Price et al. 2006; Simpson et al. 2007). For example, Woo et al. (2002) found that in a
sample of adults aged 70 and older, both BMI and waist circumference similarly predicted
disease outcomes and mortality, but waist-to-hip ratio was not predictive of these events.
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In a sample of women aged 30 to 55, Manson et al. (1995) found that the waist-to-hip ratio
was more weakly related to overall mortality compared with BMI over a 16-year period
(though the waist-to-hip ratio was a strong predictor of heart disease mortality). We also
measured BMI in middle adulthood, though it is likely that the deleterious health effects of
excess body weight accumulate over a lifetime (Jeffreys et al. 2003). Given that requisite
large-scale data containing both weight-status measurements early in life and mortality
measurements later in life are not readily available, most research examining obesity and
mortality have taken an approach similar to ours. Studies have found that childhood and
adulthood BMI are moderately and positively correlated (Casey et al. 1992; Guo et al.
1994; Serdula et al. 1993), suggesting that many respondents in our study who were obese
in 1992 were obese when they were younger (i.e., middle adulthood BMI proxies for BMI
at younger ages). Moreover, a previous study reported similar patterns for weight status
and mortality between recall measurements of early life BMI (age 21) and measurements
taken at older ages (Corrada et al. 2006).

Finally, HRS data are nationally representative of the noninstitutionalized population,
but deaths will come from both the community and institutions. Based on the 2000 census,
only 1.1% of Americans aged 50—61 resided in institutional settings. It is likely that some
respondents entered institutions after they were interviewed. Deaths of these individuals
are still observed by mortality linkages used here. Therefore, we still capture a portion of
deaths in institutions.

Despite concerns that increasing obesity levels will threaten future life expectancy
improvements in the United States, our findings lend support for the notion of a weak ef-
fect of obesity on current mortality, as indicated by both its relative and attributable risks.
An important contribution is that we focus on middle-aged adults, a group at high risk
for cardiovascular and other chronic conditions that are thought to link obesity to death.
A number of studies showed that excess body weight is not strongly associated with an
increased risk of death in the elderly (Al Snih et al. 2007; Flegal et al. 2005; Grabowski
and Ellis 2001; Reynolds et al. 2005). For obesity to have a large effect on life expectancy,
it would have to be responsible for a substantial burden of premature deaths at middle and
older ages, when the majority of deaths in the United States occur. Yet, we found that only
a BMI > 35.0 confers excess mortality, which comprises a minority of individuals who pos-
sess higher weight status (BMI > 25.0). Nevertheless, the excess mortality associated with
having a BMI > 35.0 is not insubstantial; it is approximately 40% to 60% higher than that
associated with having normal BMI (18.5-24.9), roughly similar to the mortality difference
between non-Hispanic blacks and non-Hispanic whites at middle age.

There are considerable differences in past estimates of obesity-related attributable
mortality. Reasons for these differences are numerous and complex, partly reflecting sample
composition, techniques accounting for age effects, and the period of data collection.
This investigation examined a nationally representative sample of middle-aged adults
based on data that were designed for birth-cohort analysis and that possessed high-quality
information on deaths and sociodemographic indicators. In sum, we found that obesity is
not a large source of attributable mortality among middle-aged adults and that some prior
estimates of obesity-related mortality were overestimated. These findings challenge the
viewpoint that obesity will stem the long-term secular decline in U.S. mortality.
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